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IN MAKINU normal vibration calculations for polymer molecules it is common practice to approxi- 
mate near-tetrahedral CCC angles by tetrahedral angles [l-6]. While it has been noted [4] that 
this is an approximation, no estimate has been made of the possible magnitude of the errors 
inherent in its use. Since the CCC angle in polymers can be significantly different from tetra- 
hedral (112” in polyethylene [7] and parafhns [8], 114” in polypropylene [Q], 116’ in polystyrene 
[lo]), we have investigated the effect of using non-tetrahedral angles in the cakulation of fre- 
quencies and normal modes. 
As an example we have computed the frequencies of a polyethylene chain in which the planar 
zig-zag bond angle is 112” and the HCH angle is 107”, in conformity with values found in exact 
crystal structure determinations of long-chain n-paraffins [8]. The force field was the valence 
force field of SCRACHTSCHNEIDER and SNYDER [4], and their set III force constants were used. 
The results are shown in Table 1. No significant difference was found in the potential energy 
distributions for the corresponding frequencies in Table 1, although it will be seen that some 
large frequency shifts occur, as well as two instances in which the order of frequencies is inverted. 
Table 1. Calculated frequencies of polyethylene 















There are two main reasons for the frequency shifts observed in Table 1. The tist is that the 
change in geometry has resulted in a change in G matrix elements. In some instances this was 
large: for example, GBY changed by 64%, GRR* by 12.0%, Gay by -5.7%. (The symbols refer 
to the following internal coordinates: R-CC stretch, y-CCB bend, &-HCH bend.) Such 
changes would be expected to occur in the calculations for other polymers and will in fact prob- 
ably be larger because of the greater departure from tetrahedral geometry in these cases. The 
second reason for such frequency shifts is that the force constants, which have been retied from 
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a series of ~-par&Ens of assumed tetrahedral geometry, are really not transferable to the non- 
tetrahedral structures since these constants were defined for a particular set of redundant co- 
ordinates [ll]. It is difllcult to evaluate the relative importance of these two faotors, but it can 
be said that frequency shifts of the observed order could easily result from the differences in 
CT matrix elements which heve been obtained. 
A more serious consequence of assuming tetrahedral geometry is present in those calculations 
[ 1,2,3,6] where, rather than solely transferring force constants from smaller molecules [4, 61, the 
force field has been refined to give the best fit to the observed polymer frequencies. In this case 
it is possible that the force constants obtained for tetrahedral geometry could in some cases be 
significantly different from those which would be obtained for non-tetrahedral geometry. As an 
illustration, we have calculated the bond stretching constant, KR, and the angle bending con- 
stant, H+, for a polyethylene chain in which the CH, groups are taken as point masses. A fit 
was made to assumed frequencies of 1065 cm-l for the in-phase chain vibration and 1135 cm-l 
for the out-of-phase vibration [12]. For a tetrahedral CCC angle: KE = 4.01 mdyn/A, H+ = 
0.89 mdynA; for a CCC angle of 112’: KR = 3.89 mdyn/A, Hd = 0.97 mdyn/A. Thus the use 
of tetrahedral geometry may not be reflected in any poorer frequency fit, but the difference in 
foroe constants could sign&tEntly alter the predicted normal coordinates. It is clear that caution 
must et present be maintained concerning the details of normal coordinates for high polymers. 
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